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Background: Excessive knee valgus has been strongly suggested as a contributing key factor 20 
for anterior cruciate ligament (ACL) injuries. Three-dimensional (3D) motion analysis is 21 
considered the “gold standard” to assess joint kinematics, however, this is difficult for on-field 22 
assessments and for clinical setting.  23 
Purpose: To assess the concurrent validity and reliability of two-dimensional (2D) frontal 24 
plane measurement of the knee joint in multi-directional cutting maneuvers.  25 
Study Design: Descriptive laboratory study 26 
Method: Seven recreational soccer players participated in this study. Participants performed 27 
three trials of cutting maneuvers in three different directions (30º, 60º, and 90º) with the 28 
dominant leg. Cutting maneuvers were recorded simultaneously with a video camera and a 29 
ViconTM motion capture system. Knee valgus angle from 2D and 3D measurements at initial 30 
contact and at peak vertical ground reaction force (vGRF) were extracted. The Pearson’s 31 
correlation was used to explore the relationship between the 2D and 3D measurements, and 32 
reliability of the 2D measurements were performed using intraclass correlation coefficients 33 
(ICC). 34 
Result: Significant correlations between 2D and 3D knee valgus measurements were noted for 35 
60º (r = 0.45) and 90º (r = 0.77) cutting maneuvers at initial contact. At peak vGRF, significant 36 
correlations between 2D and 3D knee valgus measurements were noted for 30º, 60º, and 90º 37 
cutting maneuvers (r=0.45, r=0.74, r=0.78), respectively. Good-to-excellent intra-rater and 38 
inter-rater reliability of the 2D knee valgus measurements was observed during cutting in all 39 
directions (ICCs:  0.821-0.997).  40 
Conclusion:  Moderate-to-strong correlation between 2D and 3D knee valgus measurements 41 
during 60°-90° cutting maneuvers, and good-to-excellent intra-rater and excellent inter-rater 42 
reliability for the 2D measurements in the present study supports the use of 2D knee valgus 43 
measurements in the evaluation of targeted interventions, although the limitations of examining 44 
cutting maneuvers using 2D measurement in complex movement still need to be considered. 45 
Level of Evidence: 3 46 
Key Words: ACL injury, sport clinical tool, injury risk screening, knee valgus, side-step cutting   47 
Clinical relevance: This study can provide additional insight into 2D measurement using video 48 
cameras as an easy and inexpensive screening tool for injury risk identification and evaluation 49 
of targeted interventions.  50 
What is known about the subject: The 2D frontal plane measurement of the knee joint has 51 
been used as an easy alternative measurement, due to good validity and reliability, and has been 52 
tested in jump landing and running on a treadmill. 53 
What this study adds to existing knowledge: This study supports that the 2D frontal knee 54 
measurement in the current study can be accepted as clinical tool for knee valgus evaluation 55 
during cutting task. This study shows the results of concurrent and reliability tests during the 56 
cutting maneuvers in multi-directions which are common tasks in sport games and practices 57 





ACL injury is a common and serious problem in sports and requires a long period of 61 
rehabilitation.1–3 A rate of 6.5 ACL injuries per 100,000 athlete exposures throughout various 62 
athletic activities was reported in high school level. Approximately 76% of ACL injuries 63 
require surgery, which consumes time and money for recovery and may ultimately reduce the 64 
quality of life by increasing the risk of subsequent injuries or impairments, resulting in financial 65 
hardship.2,4 After ACL reconstruction, 55% of injured athletes can reach return to competitive 66 
level.5 However, athletes with ACL deficiency have greater risk of early-onset osteoarthritis of 67 
the knee.6 Therefore, ACL injury prevention and risk screening are important.  68 
Excessive knee valgus has been strongly suggested as a contributing factor of anterior 69 
cruciate ligament (ACL) injuries.7–9 Seventy to eighty-four percent of ACL injuries occur 70 
during non-contact whilst decelerating or rapidly changing direction in sporting activities.10 In 71 
addition, the combination of knee valgus with poor trunk or hip control has been identified as 72 
a key predictor of ACL strain including hip adduction, hip internal rotation, and ipsilateral 73 
trunk leaning.11,12 74 
Observation of the knee valgus angle is considered a critical component for injury risk 75 
assessment and often performed during functional tasks such as single-leg squat and landing 76 
tasks which are typically carried out in clinical and sports settings.13–15 Three-dimensional (3D) 77 
motion capture is considered as the “gold standard” to determine the quality of human 78 
movement. Such a system is able to evaluate multi-planar kinematics across joints and has been 79 
shown to be reliable in the assessment of many functional tasks such as landing tasks and 80 
cutting maneuvers.16,17 However, a 3D motion system is not practical within field and clinical 81 
settings due to cost, complexity and time required to perform the analysis. 82 
Previous studies have developed alternative two-dimensional (2D) methods and 83 
compared these with 3D methods for use in clinical settings.18–21 2D measurement using 84 
commercial cameras is one method which is relatively inexpensive and easy to apply in field 85 
and clinical settings.22 2D measurements have been used to examine dynamic knee valgus 86 
using the frontal plane projection angle (FPPA), which has shown good reliability in 87 
performance test such as running, drop jump, and single leg landing, which can provide 88 
biomechanical measurements to assess injury risk and progression through treatment.18–20,23 89 
However, the use of 2D methods to assess cutting maneuvers in various directions has not been 90 
reported.  91 
Cutting maneuvers are frequently performed during sports training sessions. Previous 92 
studies have demonstrated that different knee valgus angles were noted with different 93 
directions of cutting, which are important to consider for injury risk in sporting settings.24–26 94 
Therefore, the potential to apply 2D measurements to determine knee valgus angle during 95 
cutting maneuvers in various directions is worthy of investigation. 96 
To the best of authors’ knowledge, the use of 2D analysis to explore knee valgus angle 97 
during side-step cutting maneuvers in multi-directions has yet to be reported. Therefore, the 98 
purpose of the present study was to investigate the concurrent validity of 2D measurements of 99 
knee valgus angle during cutting in different directions, and to explore intra-rater and inter-100 
rater reliability of the 2D measurements. The hypothesis of the study was that 2D frontal knee 101 







Participants  107 
All participants were university students who volunteered to participate in the study. 108 
The inclusion criteria were: aged between 18 to 25 year old, regularly participated in sports 109 
involving cutting maneuvers. Participants were excluded from the study if they reported a 110 
history of lower extremity surgery or a history of serious injury of lower extremity within a 111 
year prior to testing. The research protocol was approved by the XXX University Central 112 
Institutional Review Board for Human Research (COA.No. 2020/XXX.XXXX). Before 113 
testing, all participants signed an informed consent form and the protocol was explained in 114 
detail. 115 
Side-step Cutting Maneuvers 116 
Athletes performed side-step cutting maneuvers in the three different directions: 300, 117 
600, and 900 (Figure 1). The participants were instructed to stand at the starting point, run 118 
forward 5 meters and perform a side-step cutting task with the dominant leg. The standardized 119 
verbal command for all participants was “keep looking forward and perform a side-step cutting 120 
at maximum speed”.  121 
The participants performed a 5-minute warm up of lower limb dynamic stretching and 122 
practiced 5 trials of side-step cutting before actual testing in each direction. Three completed 123 
trials of each directional session were then measured and analyzed, and the knee valgus angles 124 
from the 2D and 3D measurements were extracted at initial contact and at peak vertical ground 125 
reaction force (vGRF). 126 
 127 
Figure 1. Illustrations of research setting of side-steps cutting test  128 
 129 
2D Measurements 130 
A commercially available digital camera (Canon EOS 1200D with a 18-55 mm lens, 131 
was positioned 2 m away from the force plate at a height of 60 cm and recorded at 60 Hz. 132 
Digital video footage was recorded with no optical zoom to standardized the camera image 133 
between participants. Video footage was imported to Kinovea software (Version 0.9.3, 134 
Kinovea Open Source Project, www.kinovea.org) and 2D knee measurement was processed. 135 
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The frontal plane projection angle (FPPA) was used to estimate the knee valgus angle by 136 
measuring the angle between the line from ASIS to the center of patella, and the line from the 137 
ASIS to the center of the ankle joints, which was then subtracted from 180º (Figure 2).18 Two 138 
raters assessed the FPPA in the study. They are physical therapists who have experience in 2D 139 
measurement and in ten years of orthopedic and sports physical therapy. Each rater measured 140 
knee valgus angle of a data set which the information of cutting directions was encrypted by 141 
code. In order to determine intra-rater reliability, the first rater measured the FPPA twice, two 142 
weeks apart.  143 
 144 
Figure 2. 2D measurement of the frontal plane projection angle (FPPA) during cutting 145 
maneuvers 146 
3D Measurements 147 
A 10 camera ViconTM motion analysis system (Vicon nexus 2.10) was used to record 148 
three-dimensional marker coordinates at 200 Hz. Force data was collected synchronously using 149 
an AMTI force platform at 1,000 Hz (AMTI-OR67, Advance Mechanical Technologies Inc., 150 
USA) which was used to identify stance phase during the cutting maneuvers. Twenty-six 151 
reflective markers were attached on the bony prominences of both sides, including anterior 152 
superior iliac spine (ASIS), posterior superior iliac spine (PSIS), iliac crest, greater trochanter, 153 
medial and lateral femoral epicondyles, medial and lateral malleoli, distal head of the first 154 
metatarsals, distal head of the fifth metatarsals, proximal head of the fifth metatarsals, and 155 
heels. In addition, rigid 4 clusters of 4 markers were placed on the lateral thigh and lateral 156 




Figure 3. 2D and 3D marker placements in anterior view 159 
 160 
Figure 4. CAST marker model of lower extremity; A, anterior view and B, lateral view  161 
 Kinematic and kinetic data were imported into Visual 3D software (C-Motion Inc, 162 
USA), and digitally filtered using a low pass, fourth-order Butterworth filter with cut-off 163 
frequencies of 6 Hz and 35 Hz, respectively.27,28 Right-hand 3-dimensional Cartesian 164 
coordinate systems were used for global and segmental axes. The pelvis segment was measured 165 
relative to the global (laboratory) coordinate system, and the hip joint center was estimated 166 
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using method reported by Bell et al.29 Knee and ankle joint centers were estimated as the 167 
midpoint between the medial and lateral femoral epicondyles and malleoli, respectively, and 168 
the knee joint angle was calculated between the shank relative to the thigh segment. Kinetics 169 
and kinematics data were extracted and normalized into 101 data points in order to represent 170 
100% of the stance phase during side-step cutting maneuver. 171 
Statistical Analysis 172 
Three completed trials of cutting tests in each direction were processed from 7 soccer 173 
players in the study. Then, a total of 21 data sets were statistically analyzed. To determine the 174 
concurrent validity, Pearson product-moment correlation was used to assess the linear 175 
relationships between the 2D and 3D measurements of the knee valgus angle at initial contact 176 
and at peak vGRF. The strength of the correlation (r) was interpreted as poor (0 to 0.49), 177 
moderate (0.50 to 0.75), and strong (> 0.75).30 Reliability analysis of the 2D measurements was 178 
performed using intraclass correlation coefficient (ICC). The ICC(3,1) and ICC(2,1) models 179 
were used for statistical analysis of intra-rater and inter-rater reliabilities, respectively. 180 
Reliability index of ICC were interpreted as poor (less than 0.5), moderate (0.5-0.75), good 181 
(0.76-0.9), and excellent (> 0.9).31 182 
 183 
RESULTS 184 
Seven male soccer players, all with >4 yrs experience of soccer playing voluntarily 185 
participated. The characteristics of the participants are shown in Table 1. The Pearson’s 186 
correlation coefficients between 2D and 3D measurements of the FPPA at initial contact 187 
showed a significant strong correlation during 90º cutting (r = 0.77, 95% CI: 0.34 - 0.89), with 188 
60º cutting showing a significant but poor correlation (r = 0.45, 95% CI: -0.07 - 0.83), and 30º 189 
cutting showing no significant correlation. For the FPPA at peak vGRF a significant correlation 190 
was seen between 2D and 3D analyses in all directions of cutting, with 90º cutting showing a 191 
strong correlation (r = 0.78, 95% CI: 0.19 - 0.87), 60º cutting showing a moderate correlation 192 
(r = 0.74, 95% CI: 0.31 - 0.89), and 30º cutting showing a poor correlation (r = 0.45, 95% CI: 193 
-0.14 - 0.81), Table 2. The FPPA measurements demonstrated good-to-excellent intra-rater 194 
reliability at initial contact (ICCs: 0.821-0.937) and at peak vGRF (ICCs: 0.970-0.987). In 195 
addition, the inter-rater reliability index showed excellent reliability at initial contact (ICCs: 196 
0.974-0.987) and at peak vGRF (ICCs: 0.989-0.997), Table 3. 197 
Table 1. Characteristics of participants (n = 7) 198 
Characteristics Mean (±SD) 
Gender (male / female) 7 / 0 
Age (years) 23 (0.81) 
Experience (years) 4 
Height (cm) 169.25 (4.57) 
Mass (kg) 57 (7.75) 
BMI (kg/m2) 20.54 (1.5) 
Leg dominance (% Right) 100 




Table 2. Pearson’s correlation coefficients of 2D and 3D knee valgus measurements at initial 201 
contact and at peak vGRF phases 202 
Time event Angle of cutting direction r 95% CI p 
IC 30º -0.02 -1.56, 0.58 0.533 
 60º 0.45 -0.07, 0.83 0.034* 
 90º 0.77 0.34, 0.89 0.002* 
Peak vGRF 30º 0.45 -0.14, 0.81 0.046* 
 60º 0.74 0.31, 0.89 0.003* 
 90º 0.78 0.19, 0.87 0.008* 
* Statistically significant correlation (p ≤ 0.05);  203 
 204 
Table 3. Intra-rater and inter-rater reliabilities of 2D knee valgus measurements at initial 205 
contact and at peak vGRF phases. 206 
Time event Cutting direction 
Intra-rater 
ICC (95% CI) 
Inter-rater 
ICC (95% CI) 
 
IC 30º 0.937 (0.631 – 0.989) 0.974 (0.847 – 0.995)  
 60º 0.821 (-0.04 – 0.969) 0.983 (0.899 – 0.997)  
 90º 0.925 (0.564 – 0.987) 0.987 (0.926 – 0.988)  
Peak vGRF 30º 0.987 (0.926 – 0.998) 0.994 (0.968 – 0.999)  
 60º 0.970 (0.828 – 0.995) 0.989 (0.934 – 0.998)  
 90º 0.978 (0.875 – 0.996) 0.997 (0.981 – 0.999)  
 207 
DISCUSSION 208 
The purpose of this study was to determine the concurrent validity and reliability of 2D 209 
frontal knee measurements during multi-directional cutting maneuvers. To explore the 210 
concurrent validity, knee valgus angles at initial contact and at peak vGRF were captured with 211 
2D and 3D measurements, simultaneously. Moreover, the intra-rater and inter-rater reliabilities 212 
of the 2D measurements of knee valgus were determined. The findings of the present study 213 
showed that there were statistically significant correlations between 2D and 3D measurements, 214 
and the reliability indices of 2D measurement showed good-to-excellent intra- and inter-rater 215 
reliability at initial contact and at peak vGRF.  216 
Cutting maneuvers require a sudden change of direction after running and involves 217 
translation and reorientation into new direction of travel.32 This study used the frontal plane 218 
projection angle (FPPA) from 2D measurement which has been reported to be highly 219 
influenced by hip and knee joint rotations in the transverse plane.33 The present findings 220 
confirmed a poor correlation of 2D and 3D knee valgus measurements at initial contact during 221 
cutting maneuvers at 30° and 60° and peak vGRF at 30°. This further supported by Schurr et 222 
al.34 who found a poor correlation (r = 0.31) in the frontal plane knee angle between 2D and 223 
3D analyses during a single-leg squat. In addition, Maykut et al.20 considered knee valgus 224 
angles during running on treadmill and also showed a poor correlation between 2D and 3D 225 
analyses (r = 0.158). Maykut et al. suggested that the difference of sampling frequencies may 226 
explain the non-significant correlation between the 2D and 3D measurements, when using 60 227 
Hz for the 2D measurement and 240 Hz for the 3D measurement. 228 
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However, the current study did show a significant correlation at initial contact and at 229 
peak vGRF during cutting maneuvers. At peak vGRF the correlations were strong (r=0.78), 230 
moderate (r=0.74), and poor (r=0.45) for cutting maneuvers at 90°, 60°, and 30°, respectively, 231 
with correlation at initial contact being strong (r=0.77), moderate (r=0.45), and very poor (r =-232 
0.02) for 90°, 60°, and 30°, respectively. Both Maykut et al.20 and Schurr et al.34 reported peak 233 
knee abduction angles and knee angle displacements in frontal plane, respectively, while the 234 
current study reported values at initial contact and peak vGRF. Therefore, the different time 235 
events could be a possible reason for differences seen with previous studies.   236 
McLean et al.33 demonstrated a moderate correlation between 2D and 3D 237 
measurements.  McLean et al. investigated 35° and 55° cutting and side-jump tasks in healthy 238 
male and female collegiate basketball players, and reported moderate correlations r = 0.58 and 239 
r = 0.64 for the 35°and 55° cutting and side jump, respectively. The current study showed 240 
strong correlations in 90° cutting, moderate correlations at 60°, and poor correlation at 30° 241 
cuttings (Table 2). The difference seen could be due to the difference in tasks explored. Schurr 242 
et al.20 and Maykut et al.34 studied single-leg squat and running, respectively. Regarding multi-243 
directional cutting maneuvers, Dos santos et al.24 stated that there was a relationship between 244 
directions and biomechanical demands. Greater hip abduction and knee valgus angles were 245 
observed as the angle of directional change increases. The current findings indicate that knee 246 
valgus screening using 2D measurements for 60° and 90° cuttings could be considered as a 247 
suitable assessment for use in clinical settings, and may be useful as an injury screening tool to 248 
help health professionals observe frontal knee projection during cutting.  However, comparing 249 
results of 2D knee valgus between studies should be interpreted with caution due to previous 250 
limitations reported when examining 2D measurements, and further work is required to explore 251 
the clinical utility of such measures in term of knee valgus magnitude.35 252 
In addition, 2D knee valgus measurements in this study showed good-to-excellent intra-253 
rater and excellent inter-rater reliabilities. This suggests that 2D knee valgus measurement of 254 
the current study is fit for repeated measurements in clinical evaluation. The method of 2D 255 
testing used in this study is highly reliability and is acceptable for assessing before and after 256 
providing targeted intervention such as neuromuscular training and corrected cutting training.  257 
Application of the findings to other sport tasks and to female athletes should be 258 
performed carefully. It would be interesting to perform a future study in which more 259 
participants are recruited to investigate limb dominance. 260 
 261 
CONCLUSION 262 
The current study demonstrated that concurrent validity of 2D and 3D knee valgus 263 
measurements is moderate-to-strong when considering 60° and 90°cutting maneuvers. Poor 264 
correlation was observed in 30° cutting maneuver. The 2D measurement of the FPPA is good-265 
to-excellent intra-rater and excellent inter-rater reliabilities. This suggests that 2D knee valgus 266 
measurements could be used as an easy and inexpensive screening tool for injury risk 267 
identification and evaluation of targeted interventions such as neuromuscular training and 268 
corrected cutting training. In clinical application, knee valgus screening using 2D 269 





FUNDING SOURCE 273 
No funding 274 
 275 
ACKNOWLEDGEMENTS 276 
All authors would like to thanks all participants, members of Biomechanics and Sports research 277 
unit, and Faculty of Physical Therapy, XXX University, to support the study.  278 
 279 
REFERENCES 280 
1.  Beynnon BD, Vacek PM, Newell MK, et al. The Effects of Level of Competition, Sport, 281 
and Sex on the Incidence of First-Time Noncontact Anterior Cruciate Ligament Injury. 282 
Am J Sports Med. 2014;42(8):1806-1812. 283 
2.  Joseph AM, Collins CL, Henke NM, Yard EE, Fields SK, Comstock RD. A Multisport 284 
Epidemiologic Comparison of Anterior Cruciate Ligament Injuries in High School 285 
Athletics. J Athl Train. 2013;48(6):810-817. 286 
3.  Whittaker JL, Woodhouse LJ, Nettel-Aguirre A, Emery CA. Outcomes associated with 287 
early post-traumatic osteoarthritis and other negative health consequences 3-10 years 288 
following knee joint injury in youth sport. Osteoarthritis Cartilage. 2015;23(7):1122-289 
1129. 290 
4.  Luc B, Gribble PA, Pietrosimone BG. Osteoarthritis Prevalence Following Anterior 291 
Cruciate Ligament Reconstruction: A Systematic Review and Numbers-Needed-to-Treat 292 
Analysis. J Athl Train. 2014;49(6):806-819. 293 
5.  Ardern CL, Taylor NF, Feller JA, Webster KE. A systematic review of the psychological 294 
factors associated with returning to sport following injury. Br J Sports Med. 295 
2013;47(17):1120-1126. 296 
6.  Simon D, Mascarenhas R, Saltzman BM, Rollins M, Bach BR, MacDonald P. The 297 
Relationship between Anterior Cruciate Ligament Injury and Osteoarthritis of the Knee. 298 
Adv Orthop. 2015;2015:928301. 299 
7.  Hewett TE, Myer GD, Ford KR, Paterno MV, Quatman CE. Mechanisms, Prediction, and 300 
Prevention of ACL Injuries: Cut Risk With Three Sharpened and Validated Tools. J 301 
Orthop Res Off Publ Orthop Res Soc. 2016;34(11):1843-1855. 302 
8.  David S, Komnik I, Peters M, Funken J, Potthast W. Identification and risk estimation of 303 
movement strategies during cutting maneuvers. J Sci Med Sport. 2017;20(12):1075-1080. 304 
9.  Shin CS, Chaudhari AM, Andriacchi TP. Valgus Plus Internal Rotation Moments Increase 305 
Anterior Cruciate Ligament Strain More Than Either Alone. Med Sci Sports Exerc. 306 
2011;43(8):1484-1491. 307 
10.  Ali N, Rouhi G. Barriers to Predicting the Mechanisms and Risk Factors of Non-Contact 308 
Anterior Cruciate Ligament Injury. Open Biomed Eng J. 2010;4:178. 309 
11 
 
11.  Pfeifer CE, Beattie PF, Sacko RS, Hand A. Risk Factors Associated with Non-contact 310 
Anterior Cruciate Ligament Injury: A Systematic Review. Int J Sports Phys Ther. 311 
2018;13(4):575. 312 
12.  Carlson VR, Sheehan FT, Boden BP. Video Analysis of Anterior Cruciate Ligament 313 
(ACL) Injuries. Jbjs Rev. 2016;4(11):e5. 314 
13.  Almangoush A, Herrington L, Jones R. A preliminary reliability study of a qualitative 315 
scoring system of limb alignment during single leg squat. Phys Ther Rehabil. 2014;1(1):2. 316 
14.  Padua DA, Marshall SW, Boling MC, Thigpen CA, Garrett WE, Beutler AI. The Landing 317 
Error Scoring System (LESS) Is a valid and reliable clinical assessment tool of jump-318 
landing biomechanics: The JUMP-ACL study. Am J Sports Med. 2009;37(10):1996-2002. 319 
15.  Della Villa F, Buckthorpe M, Grassi A, et al. Systematic video analysis of ACL injuries 320 
in professional male football (soccer): injury mechanisms, situational patterns and 321 
biomechanics study on 134 consecutive cases. Br J Sports Med. 2020;54(23):1423-1432. 322 
16.  Hanzlíková I, Richards J, Athens J, Hébert-Losier K. The Influence of Asymptomatic 323 
Hypermobility on Unanticipated Cutting Biomechanics. Sports Health. Published online 324 
March 6, 2021:1941738121999063. 325 
17.  Hanzlíková I, Richards J, Athens J, Hébert-Losier K. Which jump-landing task best 326 
represents lower extremity and trunk kinematics of unanticipated cutting maneuver? Gait 327 
Posture. 2021;85:171-177. 328 
18.  Munro A, Herrington L, Carolan M. Reliability of 2-Dimensional Video Assessment of 329 
Frontal-Plane Dynamic Knee Valgus During Common Athletic Screening Tasks. J Sport 330 
Rehabil. 2012;21(1):7-11. 331 
19.  Olson TJ, Chebny C, Willson JD, Kernozek TW, Straker JS. Comparison of 2D and 3D 332 
kinematic changes during a single leg step down following neuromuscular training. Phys 333 
Ther Sport Off J Assoc Chart Physiother Sports Med. 2011;12(2):93-99. 334 
20.  Maykut JN, Taylor‐Haas JA, Paterno MV, DiCesare CA, Ford KR. Concurrent Validity 335 
and Reliability of 2D Kinematics Analysis of Frontal Plane Motion During Running. Int 336 
J Sports Phys Ther. 2015;10(2):136-146. 337 
21.  Pusara A, Heamawatanachai S, Sinsurin K, Jorrakate C. Reliability of a low-cost webcam 338 
recording system for three-dimensional lower limb gait analysis. Int Biomech. 6(1):85-339 
92. 340 
22.  Ugbolue UC, Papi E, Kaliarntas KT, et al. The evaluation of an inexpensive, 2D, video 341 
based gait assessment system for clinical use. Gait Posture. 2013;38(3):483-489. 342 
23.  Della Villa F, Di Paolo S, Santagati D, et al. A 2D video-analysis scoring system of 90° 343 
change of direction technique identifies football players with high knee abduction 344 
moment. Knee Surg Sports Traumatol Arthrosc. Published online April 29, 2021. 345 
24.  Dos’Santos T, Thomas C, Comfort P, Jones PA. The Effect of Angle and Velocity on 346 




25.  Schreurs MJ, Benjaminse A, Lemmink KAPM. Sharper angle, higher risk? The effect of 349 
cutting angle on knee mechanics in invasion sport athletes. J Biomech. 2017;63:144-150. 350 
26.  Havens KL, Sigward SM. Joint and segmental mechanics differ between cutting 351 
maneuvers in skilled athletes. Gait Posture. 2015;41(1):33-38. 352 
27.  Sinclair J, Taylor PJ, Hobbs SJ. Digital Filtering of Three-Dimensional Lower Extremity 353 
Kinematics: an Assessment. J Hum Kinet. 2013;39:25-36. 354 
28.  Yu B, Gabriel D, Noble L, An KN. Estimate of the optimum cutoff frequency for the 355 
Butterworth low-pass digital filter. J Appl Biomech. 1999;15(3):318-329. 356 
29.  Bell AL, Pedersen DR, Brand RA. A comparison of the accuracy of several hip center 357 
location prediction methods. J Biomech. 1990;23(6):617-621. 358 
30.  Portney LG, Watkins MP. Foundations of Clinical Research: Applications to Practice. 359 
Pearson/Prentice Hall; 2015. 360 
31.  Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation 361 
Coefficients for Reliability Research. J Chiropr Med. 2016;15(2):155-163. 362 
32.  Havens KL, Sigward SM. Whole body mechanics differ among running and cutting 363 
maneuvers in skilled athletes. Gait Posture. 2015;42(3):240-245. 364 
33.  McLean SG. Evaluation of a two dimensional analysis method as a screening and 365 
evaluation tool for anterior cruciate ligament injury. Br J Sports Med. 2005;39(6):355-366 
362. 367 
34.  Schurr SA, Marshall AN, Resch JE, Saliba SA. Two-dimensional Video Analysis is 368 
Comparable to 3D Motion Capture in Lower Extremity Movement Assessment. Int J 369 
Sports Phys Ther. 2017;12(2):163. 370 
35.  Lopes TJA, Ferrari D, Ioannidis J, Simic M, Mícolis de Azevedo F, Pappas E. Reliability 371 
and Validity of Frontal Plane Kinematics of the Trunk and Lower Extremity Measured 372 
With 2-Dimensional Cameras During Athletic Tasks: A Systematic Review With Meta-373 
analysis. J Orthop Sports Phys Ther. 2018;48(10):812-822. 374 
 375 
